In previous papers (1, 2) we have described the successful transmission of encephalitis to mice by injecting them with brain tissue from fatal cases from the St. Louis and Kansas City epidemic of 1933. The infective material proved free from ordinary microorganisms and remained infective for about 32 days when preserved in 50 per cent glycerin (2). Further properties now to be described indicate that the agent is a filtrable virus probably different from any hitherto known.
In previous papers (1, 2) we have described the successful transmission of encephalitis to mice by injecting them with brain tissue from fatal cases from the St. Louis and Kansas City epidemic of 1933. The infective material proved free from ordinary microorganisms and remained infective for about 32 days when preserved in 50 per cent glycerin (2) . Further properties now to be described indicate that the agent is a filtrable virus probably different from any hitherto known.
Filtrability
We have reported that the agent readily traverses Berkefeld V and N candles (1). The following test demonstrates its passage through Seitz pads in high dilution without appreciable loss.
Experiment /.--Brains from two mice prostrate 4 days after an intracerebral injection of infective mouse brain, Strain 3, were removed, weighed, ground with alundum, and diluted one part by weight to ten parts by volume with Bauer's fluid composed of equal parts of distilled water, pneumococcus broth, pH 7.8, and sterile ascitic fluid (3) . This emulsion was centrifuged at low speed for 10 minutes and 1 cc. of supematant fluid was combined with further diluent to secure final brain virus concentrations of 10 -4, 10 -5, 10 -e, and 10 -7 gin. 3 cc. portions of each dilution were then filtered simultaneously at 30 pounds pressure through Seitz pads which had been satisfied previously with l0 ec. of pneumococcus broth at 15 pounds pressure. The filtered and unfiltered portions of each dilution were then injected intracerebrally in 0.03 cc. amounts into four Swiss mice. The duration of life of the injected anlrnM.q was noted in days.
The results of the test are shown in Table I . Both unfiltered and filtered specimens in dilutions of 10 -t to 10 -~ inclusive killed all mice.
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In the 10 -~ dilution the unfiltered specimen killed all four mice after a considerable delay, while the filtered specimen killed two of four mice. All mice receiving unfiltered and filtered specimens in dilution of 10 -s survived. This close approximation of the titer of the filtered and unfiltered mouse brain extract in high dilution has been observed repeatedly.
To determine the minimum average pore size of filters permitting passage of the virus, tests were made with graded collodion membranes according to the general method of Elford (4 The result of this titration is recorded in Table II . The stock filtrate in each of the dilutions 10 -8, 10% and 10-~ killed eleven of twelve mice and killed three of twelve mice in the 10 -8 dilution. The stock filtrate put through membranes with average pore diameters of 90.8, 82.6, 71.2, 67.0, and 66.1 m# inclusive killed all mice, but put through membranes with average pore diameters of 57, 54.8, and 51.8 
Susceptibility of Animals to Encephalitis Virus
Mice.
--Mice are h i g h l y susceptible to t h e virus g i v e n intracerebrally as s h o w n b y t h e following titrations.
Experiment &--Brains of two mice prostrate 4 days after intracerebral injection of mouse brain virus, Strain 3, were removed, weighed, emulsified with abrasive, diluted 1 to 10 with pneumococcus broth or ascitic fluid mixture, centrifuged 10 minutes at low speed and further diluted by serial tenfold dilutions. 0.03 cc. of each dilution was given intracerebrally to Swiss mice. The mice were observed 21 days and the duration of life noted. The results of two titrations are given in Table III .
The tests show (Table III) that the agent given intracerebrally in the manner described above is active in dilutions of 3 x 10 -8 gm. of infected mouse brain and occasionally in dilutions of 3 x 10 -9 gm.
The agent in stock mice is somewhat less active and regular in its effects and in R. I. S. mice (7), still less virulent (Table III) .
Intranasal instillations of virus into Swiss, white-face, and R. I. R. mice give rise to characteristic fatal encephalitis (1). Following an incubation period of 5 to 6 days, hyperesthesia and tremors appear, followed by convulsions, prostration, and death in 7 to 10 days. Table  IV illustrates the degree of activity of virus prepared in the manner described in Experiment 3 and instilled in 0.03 cc. amounts into the nares of Swiss mice.
The virus is less active when instilled intranasally into stock mice and still less virulent in R. I. S. mice (Table IV) .
Intranasally infected mice show lesions similar to those in mice injected intracerebrally (1). Perivascular and focal accumulations of round cells are scattered throughout the brain and cord, and the characteristic necroses of the pyramidal cells of the piriform lobe and Ammon's horn are conspicuous. The earliest lesions are found 3 days after nasal instillation of virus in the olfactory bulbs beneath the pia. Round cells are scattered and collected in loci about the blood vessels relatively near the pia. By the 4th day the brain is involved in the piriform lobe beneath the pin. On the 5th day, Ammon's horn is affected. This orderly progression of lesions will be described more fully in a subsequent paper.
The injection of mice with the agent intraperitoneally, subcutaneously, and intravenously is without effect unless at least 100,000 intracerebral lethal doses are employed. If 0.1 gm. of brain virus is injected intraperitoneally into ten or more mice, 10 to 30 per cent may die of a typical encephalitis. Even this overwhelming dose usually fails to affect mice if it is administered subcutaneously. Of six monkeys receiving mouse brain virus, all showed elevated temperatures after 7 to 9 days. Four of six showed tremors, irritability, and weakness. None succumbed but three continued ill for 6 weeks. Protocols of two of these animals are given below and the difficulty of establishing the virus in monkeys is described. fig. 1 . Monkey 1 showed slight elevation in temperature on the 8th day, a n d tremors of extremities, head, and back, and apathy on the 9th day. On the 10th day, the tremors continued and clonic convulsive movements of the hands and feet were prominent, together with extreme apathy, weakness when roused, and spasticity of the left leg. On the llth day the signs were unchanged. Spinal fluid showed 92 cells and a positive Pandy. The animal was much improved on the 13th day. On the 14th day the animal was sacrificed. Its cortex proved infective for mice; its blood and spinal fluid non-infective. Blood taken on the 10th day was later shown (Experiment 5) to contain specific protective properties against the virus.
Monkey 2 showed progressively increasing temperature after the 5th day, reaching a maximum on the 8th day. At this time it was irritable and hyperesthetic. On the 9th day these signs had increased and the left arm was ataxic. The next day these signs were at a maximum. The animal was extremely irritable, quite spastic, with convulsive movements. On the llth day the spinal fluid was found to contain 43 cells and to show a positive Pandy test. By the 13th day the animal was still exceedingly irritable and wild in its movements. By the 20th day the animal was much improved and, a week later, seemed well.
Oct. 12, 1933. Monkey 5, given an intracerebral injection of I cc. of mouse brain virus, Strain 3, diluted 1 to 20, was sacrificed 12 days later at the height of fever and signs of encephalitis. Blood and spinal fluid injected into mice were ineffective; cortex injected into mice gave rise to characteristic fatal encephalitis. Cortex diluted 1 to 10 was also injected intracerebraUy in 1 cc. amounts into two monkeys, Nos. 7 and 8. Both of these showed elevation of temperature on the 9th and 10th days, with tremors. No. 7 continued weak, had convulsions, and 6 weeks later was well. No. 8 was sacrificed on the 11th day. Its cortex proved infective in mice; its blood and spinal fluid negative. Intracerebral injections of cortex into three monkeys provoked a slight rise in temperature in two, with some irritability, weakness, and spasmodic movements. A single third passage experiment was carried out in two monkeys. Both showed slight devations in temperature and doubtful signs of encephalitis. No further tests were made at this time.
Later, Nov. 15, 1934, each of the five strains of mouse brain virus was injected intracerebrally into a Macacus rhesus monkey with results similar to those described above.
Rabbits.--lO per cent suspensions of mouse brain virus given intracerebrally, intraocularly over the surface of the scarified cornea, intradermally, and intraperitoneally to young and adult rabbits provoked no demonstrable reactions.
Guinea Pigs.--Mouse brain virus in 10 per cent emulsions injected
intracerebrally and into the pads of young and adult guinea pigs was innocuous.
Rats.--Rats given 10 per cent suspensions of mouse brain virus intracerebrally, intranasally, and intraperitoneally remained well.
S1~ep.--One sheep given 2 cc. of a 10 per cent mouse brain virus suspension intracerebrally remained well.
Protective A ction of Serum from Infected Monkeys
Sera from certain infected monkeys showed specific protective properties against the virus. Some of the tested monkeys had received a single intracerebral injection of mouse brain virus; others one or two additional intraperitoneal injections of 5 cc. of 1 to 10 virus 4 to 6 weeks later. The protection tests were carried out as follows:
Two brains from mice prostrate 4 days after an intracerebral injection of mouse brain virus, Strain 3, were removed, weighed, emulsified with abrasive, and taken up in pneumococcus broth pH 7.8 in a dilution of one part brain in fifty parts fluid. This material was then centrifuged at low speed and 1 cc. of supernatant diluted further. 0.3 cc. of each dilution was then added to 0.3 cc. of the test serum. The mixtures were placed in the incubator for 2 hours, left 1 hour at room temperature, drawn up in 0.25 cc. tuberculin syringes with 26 gauge needles, and injected intracerebrally in 0.03 cc. volume into four to six Swiss or R.I.R. mice. The duration of life was recorded in days.
The results of several tests are shown in Table V . Serum from Monkey 1, drawn 10 days after the primary intracerebral injection, when the animal showed elevated temperature and definite symptoms, gave definite protection; that is, all but one animal receiving the monkey serum plus the three highest dilutions of virus survived, as contrasted with the death of all but one receiving corresponding dilutions plus control serum. On the contrary, serum from Monkey 8, drawn under similar conditions, did not protect. Again, serum from Monkey 2, drawn several weeks after the initial injection and 2 weeks after a series of three intraperitoneal injections, showed strong protective properties which appeared to decrease with the age of the specimen. A second specimen, obtained after further intraperitoneal injection, showed similar strong protective properties which disappeared after 4 months. No preservative was used: specimens were kept sealed in the ice box. virus-serum mixtures were incubated at 37°C. for 2 hours and then allowed to stand at 23 ° for 2 hours. 0.03 cc. of each dilution was then injected intracerebrally into six Swiss mice, making the actual amount of infected brain given to each mouse 3 x 10-* gin. and 3 x 10 -7 gin. respectively. The results of the titrations were expressed in duration of life in days; survivors were discarded after 21 days.
Serological Uniformity of Strains
The results of this experiment are summarized in Table VI . In a series of mice receiving the greater quantity of virus, 0.03 cc. of 10 -~ dilution, the survival time of the animals receiving immune serum was consistently longer than that of mice receiving normal serum, and in the series receiving the smaller quantity of virus, 0.03 cc. of 10 -6 dilution, both actual protection and survival time were consistently greater in the groups receiving immune serum. Three additional tests gave similar results, indicating that immune serum prepared with Strain 3 exerted a like protective effect against Strain 3, and six other strains from St. Louis and Kansas City.
DISCUSSION
The ability of the agent we have studied to traverse membrane filters with average pore diameters as small as 66 m~ differentiates it from visible microorganisms and most known viruses. Rift Valley fever virus is limited by membranes of 70 m~ average pore diameter, equine encephalomyelitis is limited by membranes of about 66 m~ average pore diameter (9), while only louping ill, poliomyelitis, yellow fever, and foot-and-mouth disease viruses are known to pass membranes with smaller average pore diameters. The agent is distinguishable, moreover, from the viruses of herpes, vaccine, and Japanese B encephalitis (10) in failing to provoke a response in rabbits; and it is unlike those of Rift Valley fever, louping ill, poliomyelitis, equine encephalomyelitis, and mouse encephalomyelitis (11) in its effects upon monkeys and mice. Altogether it seems clear that we are dealing with a filtrable virus differing from those previously described. It can scarcely be derived from the species of laboratory animals employed for the work, since strains coming from different laboratories and carried in different animal hosts proved alike, both in their pathogenic effects and in being neutralized by immune serum.
The specific neutralizing effect of sera from recovered cases of encephalitis in St. Louis and Kansas City, 1933 (1), will be described more fully in a subsequent paper.
